Background. The signal-averaged ECG has been used to detect late potentials, and it is considered a noninvasive marker for areas of slow conduction requisite for reentrant arrhythmia. Late potentials are not usually found in patients with idiopathic ventricular tachycardia (VT); nevertheless, fragmented electrograms are often recorded in those patients during endocardial mapping. The purpose of this study was to investigate the spectral content of the signal-averaged ECGs with use of fast Fourier transform analysis (FF17) in patients with idiopathic VT of left ventricular origin.
T he signal-averaging technique has been used to detect low-amplitude ECGs on the body surface at the end of the QRS complex. These signals are called late potentials and are considered a noninvasive marker for areas of slow conduction requisite for reentrant arrhythmia. [1] [2] [3] In patients with ventricular tachycardia (VT) caused by ischemic heart disease, the incidence of late potentials is high, and their presence correlates with development of sustained and nonsustained VT. [4] [5] [6] [7] [8] [9] [10] [11] [12] Idiopathic VT of left ventricular origin is defined as sustained VT without clinically apparent heart disease and is characterized by its QRS morphology during VT (right bundle branch block). Reports of endomyocardial biopsy findings revealed histological abnormalities in 60-90% of such patients, and fragmented ventricular electrograms were often recorded during endocardial mapping. 13, 14 Reentry has been postulated as the mechanism for the VT on the basis that it can be induced and terminated by extrastimuli. However, the late potentials are not usually found in patients with this idiopathic VT. 15 Mehta et al14 reported that late potentials were detected in none of six patients with right bundle branch block VT without clinically apparent heart disease.
Fast Fourier transform analysis (FFT) is a powerful analytic method for signal processing in the frequency domain that allows us to avoid the disadvantages caused by the inherent limitations of high-gain amplification and signal filtering required for analysis in the time domain.'6-23 Lindsay et a124 demonstrated that differentiation of patients with and without VT by FFT was still possible in the presence of bundle branch block. 25 In addition, spectrotemporal mapping of the ECGs with FFT has been used for better identification of patients with VT.26-28 The aim of this study was to analyze the frequency content of signal-averaged ECGs in patients with idiopathic sustained VT of left ventricular origin.
Methods

Subjects
From January 1988 through March 1991, 12 patients (one woman and 11 men) with recurrent sustained VT of left ventricular origin (group 1) but without clinical evidence of heart disease were studied at the National any two or all three of the following criteria were met: 1) the duration of the filtered QRS complex was >120 msec, 2) the duration of the filtered QRS complex after the voltage decreased to <40 ,mV was >40 msec, and 3) root-mean-square voltage during the last 40 msec of the filtered QRS complex was <20^u V.
Fast Fourier Transform Analysis
FFT was performed on the terminal 40 msec of the QRS complex and ST segment of each signal-averaged X, Y, and Z lead. For each region of interest, a 240-point (120-msec) interval was calculated with a four-term Blackman-Harris window to reduce spectral leakage. After FFT, the data were plotted on a highresolution plotter and expressed as a ratio (area ratio 1) of the area under the spectral plot between 20 and 50 Hz divided by the area under the spectral plot between 10 and 50 Hz. In addition, area ratio 2 was calculated as the area under the spectral curve between 40 and 100 Hz divided by the area between 0 and 40 Hz. For patient-to-patient comparison, the individual X, Y, and Z values for the area ratios were averaged arithmetically and multiplied by 1 x 105 to facilitate graphic display.
Three-dimensional Frequency Analysis
Three-dimensional frequency analysis was performed according to Haberl et al. 27 The ST segment was divided into 25 segments: the first segment started 30 msec after the end of QRS, subsequent segments started progressively earlier in the ST segment in steps of 2 msec, and the 25th segment started 20 msec inside the QRS complex. The frequency components of each segment were calculated by Fourier transform with a BlackmanHarris window (120-msec interval). In the power spectrum, the frequency in hertz (range, 0-200 Hz) was plotted versus transform magnitude in a logarithmic scale (in decibels). The 
Results
Electrophysiological Characteristics
Atrial pacing induced VT in two of 12 patients. A single ventricular extrastimulus induced VT in 10 of 12 patients. Rapid ventricular pacing was required to induce VT in two patients. Nonclinical VT that was not electrocardiographically identical to that occurring spontaneously was not observed in any patient. Fragmented electrograms were found in the small area of the left ventricular apex in four patients during normal sinus rhythm. Their durations, however, were shorter (<100 msec) than those seen in patients with VT after myocardial infarction. The site of earliest ventricular activation of the VT that could be determined by endocardial mapping was the left ventricular apex in all patients. Rapid pacing from the right ventricular apex terminated tachycardia in all 12 patients. The coupling interval of premature extrastimuli was inversely correlated to the first cycle of the induced tachycardia, and the entrainment criteria of constant fusion, which progressed at shorter cycle lengths, were seen in these patients. Cardiac Catheterization and Endomyocardial Biopsy Cardiac catheterization, including left ventricular angiography and coronary arteriography, was normal in all patients. Mildly increased interstitial fibrosis or fat infiltration was found in eight (73%) of 11 patients' biopsy specimens, and lymphocyte infiltration was found in two of these eight patients, but normal histological features were found in only three patients (Table 1) .
Signal-Averaged ECGs by the Time Domain
Filtered QRS durations were <120 msec in all subjects, although the mean value was slightly longer in patients with idiopathic left VT (group 1, 103+7 msec; group 2, 96±10 msec; p<0.05). Values of <40-pgV duration were similar in the two groups (group 1, 29.6±8.5 ,uV; group 2, 26.4±5.8 ,uV), although only one patient of group 1 showed a slightly abnormal value.
Root-mean-square voltage in the last 40 msec was slightly lower in group 1 (group 1, 31.2±14.4; group 2, 55.7 ±35.4;p<0.05), and two patients of group 1 showed abnormal values (<20 ,uV). No patient, however, showed abnormal values in two or three of these three criteria by the time domain analysis (Figure 1 ).
Fast Fourier Transform Analysis
The mean value of area ratio 1 (20-50/10-50 Hz) in group 1 was significantly higher than those in group 2 (218±31 versus 196±15, p<0.01). Seven (58%) of 12 patients had a value (>215) greater than the maximal value of area ratio 1 in control subjects. The mean value of area ratio 2 (40-100/0-40 Hz) was also significantly higher in group 1 (33.5±7.2 versus 20.9±2.1, p<0.001). Nine (75%) of 12 patients had a value (>28) greater than the maximal value of area ratio 2 in control subjects ( Figure 2 and Table 1 ). Four of 12 patients in group 1 had fragmented electrograms in the left ventricle (Table 1) . Their area ratios were relatively higher than those of patients without fragmented electrograms in the left ventricle. These patients also had abnormal histological findings, including infiltrations of inflammatory cells and fibrosis.
Three-dimensional Frequency Analysis
The three-dimensional frequency analysis of the terminal QRS complex and ST segment showed no highfrequency components >40 Hz in the segment outside the QRS complex. When the segments started slightly inside the QRS complex, however, spectral peaks in the range of 40-100 Hz appeared and progressively increased in amplitude (Figure 3 ). These spectral peaks were seen in eight (67%) of Frequency analysis has not yet refined criteria for abnormal area ratio or definition of abnormal spectral peak. In this study, area ratio was considered to be abnormal if it was greater than the maximal value of area ratio in control subjects, and high-frequency components in the range 40-100 Hz were considered abnormal spectral peak.
We did not subtract the mean value before FFT.20 This might decrease the advantage of spectral analysis in separating the data of VT patients from controls. In addition, we used only two spectral area ratios (20- 
